ABSTRACT:
The objective of the current experiment was to evaluate the influence of dietary cereal sources of β(1,3)(1,4)-d-glucan (β-glucan) and enzyme supplementation on indices of environmental pollution from finisher pigs. An experiment with a 2 × 2 factorial arrangement of treatments was initiated to investigate the effect of dietary source of β-glucan (barley vs. oats) and enzyme supplementation (no vs. yes) on nutrient digestibility, N utilization, intestinal fermentation, and manure odor and ammonia emissions from finisher boars (n = 4; BW = 73.9 kg; SD = 4.7). Sixteen boars were assigned to 1 of 4 dietary treatments (n = 4/treatment): 1) barley-based diet, 2) barleybased diet + exogenous enzyme, 3) oat-based diet, and 4) oat-based diet + enzyme. The enzyme supplement used contained endo-1,3(4)-β-glucanase and endo-1,4-β-xylanase. Experimental diets were formulated to contain similar concentrations of DE (13.5 MJ/kg) and digestible lysine (8.8 g/kg). Pigs offered oat-based diets had reduced digestibility of DM (0.795 vs. 0.849; SEM 0.007; P = 0.001), OM (0.808 vs. 0.865; SEM 0.007; P = 0.001), GE (0.806 vs. 0.845; SEM 0.006; P = 0.002), and NDF (0.233 vs. 0.423; SEM 0.033; P < 0.003) compared with those offered barley-based diets. Oat-based diets increased populations of Bifidobacterium spp. (7.26 vs. 6 .38 log cfu/g of digesta; SEM 0.201; P = 0.005) and Lactobacillus spp. (6.99 vs. 6.18 log cfu/g of digesta; SEM 0.234; P = 0.022) in the proximal colon and decreased manure odor emissions [2,179.6 vs. 4,984. 6 Ou E /m 3 (where Ou E refers to European odor units); SEM 653.7; P < 0.011] compared with barleybased diets. There was an interaction between cereal type and enzyme inclusion on manure ammonia emissions from 0 to 96 h (P = 0.050). Pigs offered barley-based diets containing an enzyme supplement had increased manure ammonia emissions compared with those offered unsupplemented barley-based diets. However, there was no effect of enzyme inclusion on oatbased diets. In conclusion, pigs offered oat-based diets harbored increased Bifidobacterium spp. and Lactobacillus spp. populations in the proximal colon and had decreased manure odor emissions compared with those offered barley-based diets. Enzyme inclusion had no effect on manure ammonia emissions from pigs offered oat-based diets.
INTRODUCTION
The contribution of pig production to environmental pollutants has provoked considerable research in an attempt to alter excess nutrient excretion, especially those nutrients implicated in the generation of manure ammonia and odor emissions (Canh et al., 1998; Leek et al., 2007) . Previous studies suggest that elevated concentrations of the β-glucan moiety present in dietary barley inhibits the formation of nitrogenous and odorous metabolites arising from manure when compared with conventional wheat-based formulations (Lynch et al., 2007) . These beneficial responses have been attributed to promoting a more symbiotic enteric microbiota (Garry et al., 2007) .
Although cereal β-glucans are readily degraded by microbial populations prececally (Bach Knudsen and Hansen, 1991; Jonsson and Hemmingsson, 1991) , it is possible that the insoluble β-glucan proportion may be passed partially undigested to the large intestine and subsequently utilized by saccharolytic microbial species (Kedia et al., 2008) . Oat-derived β-glucans generally exhibit less solubility (Johansson et al., 2004) and are not as comprehensively digested prececally compared with barley (Bach Knudsen et al., 1993a) . Therefore, oat-based diets may present greater potential to target the microbial composition of the large intestine and thus stimulate favorable saccharolytic conditions, attenuating manure odor and ammonia emissions. Inclusion of an appropriate enzyme composite containing β-glucanase and β-xylanase may elucidate the actions exerted by the β-glucan component from the various cereal sources (O'Connell et al., 2005) .
The objective of the current experiment was to evaluate the effect of β-glucans contained in dietary barley and oats on moderating manure odor and ammonia. It was hypothesized that the β-glucans present in dietary oats might offer a more effective source compared with barley in mediating ammonia and odorous emissions from manure, whereas supplementation with enzymes would remove any beneficial effect of cereal β-glucans, thus indicating the role of β-glucan fermentation in the large intestine.
MATERIALS AND METHODS
All procedures described in this experiment were conducted under experimental license from the Irish Department of Health in accordance with the Cruelty to Animals Act 1876 and the European Communities (Amendments of the Cruelty to Animals Act 1876) Regulations, 1994.
Experimental Design and Treatments
The experiment was designed as a 2 × 2 factorial arrangement of treatments comprising 4 dietary treatments. The experimental treatments were as follows: 1) barley-based diet, 2) barley-based diet + exogenous enzyme, 3) oat-based diet, and 4) oat-based diet + exogenous enzyme. Experimental diets were formulated to contain similar concentrations of DE (13.5 MJ/kg) and apparent ileal digestible lysine (8.8 g/kg). The apparent ileal digestible AA requirements were met relative to lysine (NRC, 1998) . Diets were offered in meal form. The enzyme supplement was derived from Penicillium funiculosum (IMI SD 101, DSM, Belfast, Northern Ireland) and contained endo-1,3(4)-β-glucanase (EC 3.2.1.6) and endo-1,4-β-xylanase (EC 3.2.1.8). The dietary composition and analysis are presented in Table  1 .
Animals and Management
Twenty-eight finishing boars [n = 7; progeny of Meat line boars × (Large White × Landrace sow)] were blocked based on BW and assigned to 1 of the 4 experimental treatments. Pigs were offered ad libitum access to feed and water and remained on their respective diets until slaughter. After a 14-d dietary adaptation period, 16 boars (n = 4) of a uniform BW (73.9 kg, SD 4.7) were selected from this group and transferred to individual metabolism crates. The pigs were allocated 5 d to adapt to the metabolism crates before collections commenced. The collection period was subdivided into 3 parts to facilitate studies on manure ammonia emissions (d 1 to 2), manure odor emissions (d 3 to 5), and apparent total tract nutrient digestibility and N balances (d 6 to 10). The daily feed ration [DE intake (MJ/d) = 3.44 × (BW) 0.54 ; Close, 1994] was offered over 2 meals. Fresh water was provided with meals in a 1:1 ratio. Between meals, water was provided ad libitum. The metabolism crates were located in a temperaturecontrolled room maintained at a constant temperature of 22°C (±1.5°C).
Ammonia Emissions Study
Four separate collections of total feces and urine production were carried out at 12-h intervals during collection d 1 to 2 and stored in sealed containers at 4°C. Upon final collection, the urine and feces were pooled and macerated together according to the original excretion ratio. Maceration was performed in an attempt to actively simulate the conditions of a typical manure container, which would be more dynamic owing to the constant disturbance through addition of fresh excreta. The respective manure sample (2 kg) was placed in a ventilated container in a temperature-controlled room maintained at 20°C. Ammonia emissions from the manure were measured over 240 h in a laboratory-scale setup according to the method of Lynch et al. (2008) . The ventilation rate was 2.5 L/min. The first 2 impingers contained 1 mol/L of nitric acid and the third impinger contained distilled water. The first impinger was sampled at 48, 96, 144, 192 , and 240 h and the second impinger was sampled at 96 h. Samples were collected from all 3 impingers at 240 h. The concentration of ammonia-N contained in each impinger was determined by the microdiffusion technique of Conway (1957) . Ammonia emissions (mg) from each manure sample were compared between different dietary treatments using the quantity volatilized from 0 to 240 h/kg of sample. A 2-kg duplicate was retained in a ventilated container for each 2-kg manure sample used in the ammonia emission study. An aliquot (50 g) from this duplicate was retained at 0 and 240 h from the duplicate sample for VFA determination.
Air Sample Collection and Odor Concentration Measurement
Collections of total urine and feces production were carried out at 12-h intervals during collection d 3 to 4 and stored together in a container below the metabolism crate until sampling on d 5. Air samples were used to measure odor concentration. Air sampling was performed as described by Lynch et al. (2008) . Samples were contained in 20-L Nalophan bags (Bord Na Mona, Kildare, Ireland) and analyzed for odor concentration (Ou E /m 3 , where Ou E refers to European odor units) using an Ecoma T07 dynamic olfactometer (Ecoma, Honigsee, Germany) as described by Hayes et al. (2004) .
Apparent Digestibility and N Balance Studies
Daily urine production was collected separately beneath the metabolism crate in a plastic container and recorded. To avoid N volatilization, 20 mL (25%) of sulfuric acid was added to the container daily. A solution (2%) of sulfuric acid was applied to the connecting funnel twice daily. A 50-mL aliquot of urine was retained daily for N balance determination and was fro- Calculated using the analyzed value for xylose and calculated value for arabinose (Bach Knudsen, 1997).
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Microbiology Study
Immediately postslaughter, digesta samples (approximately 10 ± 1 g) were aseptically recovered from the ileum, cecum, and proximal and distal colon under sterile conditions. Digesta samples were stored in sterile containers (Sarstedt, Wexford, Ireland), placed in insulated containers with dry ice, and transported to the laboratory within 3 h. Populations of Lactobacillus spp., Bifidobacterium spp., and enterobacteria were selectively isolated and enumerated as described previously (O'Connell et al., 2005) . Typical colonies of each bacterium were counted, log-transformed, and presented per gram of digesta.
pH Measurements
The pH of digesta samples from the ileum, cecum, and proximal and distal colon were determined immediately postslaughter. Samples (n = 7) were placed in universal containers and pH measurements were made using a Mettler-Toledo MP 220 pH meter (Mettler-Toledo Inc., Columbus, OH), which was calibrated using certified pH 4 and 7 buffer solutions (Riedel-de Haën, Seelze, Germany). Distilled water was added to some very viscous samples from the proximal colon to facilitate pH measurement.
Digesta and Manure Collections for VFA Analysis
Samples of digesta from the ileum, cecum, and the proximal and distal colon of individual pigs (n = 7) were retained for VFA analysis. Concentrations of VFA in the digesta were determined as described previously by Porter and Murray (2001) using a modified method (Pierce et al., 2006) . A 1-g sample was diluted with distilled water (2.5 × weight of sample) and centrifuged at 1,400 × g for 4 min at 20°C. One milliliter of the subsequent supernatant and 1 mL of internal standard (0.5 g of 3-methyl-n-valeric acid in 1 L of 0.15 mol/L oxalic acid) were mixed with 3 mL of distilled water. After centrifugation to remove the precipitate, the sample was filtered through Whatman 0.45-µm polyethersulfone membrane filters into a chromatographic sample vial. A 1-µL quantity was injected into a model 3800 Varian gas chromatograph with a 25 m × 0.53 mm i.d. megabore column [coating CP-Wax 58 (FFAP) CB; Model CP7614, Varian, Middelburg, the Netherlands]. Concentrations of VFA in the manure from the odor study at 0 and 240 h were determined with minor adaptations, as described previously by O'Connell et al. (2005) .
Laboratory Analysis of Samples
The proximate analysis of diets and feces for DM and ash were carried out according to AOAC (1995) methods. The DM of the diets and that of the feces were determined after drying for 24 h at 100°C. The ash content of diets and feces was determined after ignition of a weighed sample in a muffle furnace (Nabertherm, Bremen, Germany) at 500°C for 4 h. The GE of diets and feces samples was determined using an adiabatic bomb calorimeter (Parr Instruments, Moline, IL). The NDF, ADF, and ADL fractions of diets and feces were analyzed using a Fibertec extraction unit (Tecator, Hö-ganäs, Sweden) as described by Van Soest et al. (1991) . The N concentrations of diets and urine were determined using a Leco FP 528 instrument (Leco Instruments UK Ltd., Cheshire, UK). The N concentration of fresh feces was analyzed by the macro-Kjeldahl technique using a Büchi digestion and distillation apparatus (Büchi, Flawil, Switzerland) . The dietary concentrations of lysine, threonine, tryptophan, methionine, and cysteine were determined by HPLC (Varian Prostar, Varian, Walnut Creek, CA; Iwaki et al., 1987) . The total β-glucan and xylose content of diets was determined using a Megazyme assay kit (Megazyme International Ireland Ltd., Co. Wicklow, Ireland). The insoluble and soluble β-glucan contents were determined as described by McCleary and Glennie-Holmes (1985) . The hemicellulose content of diets was estimated as NDF − ADF. The cellulose content was estimated as ADF − ADL. The lignin content was presented as ADL. The activities of β-glucanase and β-xylanase were determined as described by Somogyi (1960) . The activity of β-glucanase and β-xylanase refers to the units of glucose and xylose produced per gram.
Statistical Analysis
Experimental data were analyzed as a 2 × 2 factorial arrangement of treatments using the GLM procedure (SAS Inst. Inc., Cary, NC). The statistical model investigated the main effects of dietary cereal, enzyme inclusion, and associated 2-way interactions. The individual pig served as the experimental unit. All data in the tables are presented as least squares means.
RESULTS
Dietary Analysis
Chemical analysis indicated an average total β-glucan content of 29.2 and 20.4 g/kg for the barley-and oatbased diets, respectively. The average soluble β-glucan content was 15.4 and 11.9 g/kg for the barley-and oatbased diet, respectively. The average insoluble β-glucan content was 13.4 and 7.6 g/kg for the barley-and oatbased diet, respectively.
Coefficient of Apparent Total Tract Digestibility and N Balance Study
Pigs offered oat-based diets had reduced digestibility of DM (P = 0.001), OM (P = 0.001), GE (P = 0.002), and NDF (P = 0.003) compared with those offered bar-ley-based diets. Pigs offered oat-based diets increased fecal output (P = 0.004) and DM output (P = 0.001) compared with those offered barley-based diets. The addition of a dietary enzyme supplement to both barley-and oat-based diets increased N digestibility (P = 0.023) compared with diets containing no supplement. The addition of a dietary enzyme supplement to both barley-and oat-based diets decreased N intake (P = 0.033) and fecal N excretion (P = 0.018) compared with diets containing no supplement (Table 2) .
Intestinal Composition
Pigs offered diets containing an enzyme supplement increased ileal populations of Bifidobacterium spp. (6.26 vs. 5.0 log cfu/g of digesta; SEM 0.51; P = 0.021) compared with those offered unsupplemented diets (Table  3 ). There was an interaction between dietary cereal type and enzyme inclusion on cecal populations of Lactobacillus spp. (P = 0.010), enterobacteria (P = 0.003), and Bifidobacterium spp. (P = 0.027). Pigs offered the unsupplemented oat-based diet had increased cecal populations of Lactobacillus spp. (P = 0.001) and decreased populations of enterobacteria (P = 0.012) compared with those offered the unsupplemented barley-based diet. However, there was no effect of cereal type in diets containing an enzyme supplement on cecal populations of Lactobacillus spp. (P = 0.075) or enterobacteria (P = 0.290). Pigs offered the barley-based diet containing an enzyme supplement had increased (P = 0.034) cecal populations of Bifidobacterium spp. compared with those offered the unsupplemented barley-based diet. However, there was no effect (P = 0.292) of enzyme supplementation of the oat-based diet on cecal populations of Bifidobacterium spp. (Table 3 ).
In the proximal colon, pigs offered oat-based diets had increased populations of Lactobacillus spp. (6.99 vs. 6.18 log cfu/g of digesta; SEM 0.234; P = 0.022) and Bifidobacterium spp. (7.26 vs. 6.38 log cfu/g of digesta; SEM 0.201; P = 0.005) compared with those offered barley-based diets (Table 3) . Pigs offered oatbased diets had decreased pH of the proximal colon (5.92 vs. 5.44; SEM 0.07; P = 0.001) and terminal colon (6.72 vs. 6.51; SEM 0.05; P = 0.010) compared with those offered barley-based diets (Table 3) .
Digesta VFA
In the cecum, pigs offered oat-based diets had decreased total VFA (P = 0.050), an increased acetic acid:propionic acid ratio (P = 0.001), and decreased concentrations of propionic acid (P = 0.001) and butyric acid (P = 0.001) compared with those offered barley-based diets. Pigs offered diets containing an enzyme There was no significant interaction between cereal source and enzyme inclusion on apparent nutrient digestibility (P > 0.05).
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There was no significant interaction between cereal source and enzyme inclusion on N utilization (P > 0.05).
Fermentation of β-glucans and ammonia emissions supplement had an increased acetic acid:propionic acid ratio (P = 0.010) in the cecum compared with those offered unsupplemented diets (Table 4 ).
In the proximal colon, pigs offered oat-based diets exhibited decreased concentrations of total VFA (P = 0.002), acetic acid (P = 0.031), propionic acid (P = There was an interaction between cereal type and enzyme inclusion for concentrations of valeric acid in the terminal colon (P < 0.018).
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0.001), butyric acid (P = 0.001), and valeric acid (P = 0.003) compared with those offered barley-based diets. Pigs offered diets containing an enzyme supplement had decreased concentrations of propionic acid (P = 0.015) and valeric acid (P = 0.017) in the proximal colon compared with those offered unsupplemented diets. There was an interaction between dietary cereal type and enzyme inclusion on concentrations of valeric acid in the terminal colon (P = 0.018). Pigs offered the unsupplemented oat-based diet had decreased concentrations of valeric acid in the terminal colon compared with those offered the unsupplemented barley-based diet. However, there was no effect of cereal type in diets containing an enzyme supplement on concentrations of valeric acid. In the terminal colon, pigs offered oat-based diets had decreased production of propionic acid (P = 0.031) and butyric acid (P = 0.007) and an increased acetic acid:propionic acid ratio (P = 0.001) compared with pigs offered barley-based diets (Table  4) .
Manure VFA
Total VFA in manure data are shown in Table 5 . At 0 h, there was an interaction between dietary cereal type and enzyme inclusion on the molar proportions of valeric acid (P = 0.001) and isovaleric acid (P = 0.008). Addition of an enzyme supplement to the barley-based diet increased the molar proportions of valeric acid and isovaleric acid compared with the unsupplemented barley-based diets. However, there was no effect (P > 0.05) of enzyme inclusion in the oat-based diet.
At 0 h, the addition of a dietary enzyme supplement to both barley-and oat-based diets increased the molar proportion of acetic acid (0.706 vs. 0.615; SEM 0.016; P = 0.002) and the acetic acid:propionic acid ratio (4.7 vs. 3.4; SEM 0.324; P = 0.020) and decreased the molar proportions of propionic acid (0.158 vs. 0.183; SEM 0.008; P = 0.043), butyric acid (0.063 vs. 0.105; SEM 0.009; P = 0.008), and isobutyric acid (0.018 vs. 0.024; SEM 0.002; P = 0.023) of manure compared with diets containing no enzyme supplement.
At 240 h, pigs offered diets containing an enzyme supplement had an increased acetic acid:propionic acid ratio (11.32 vs. 8.94; SEM 0.582; P = 0.015), an increased molar proportion of acetic acid (0.826 vs. 0.766; SEM 0.016; P = 0.021), and decreased molar proportions of propionic acid (0.075 vs. 0.092; SEM 0.004; P = 0.017), butyric acid (0.038 vs. 0.065; SEM 0.005; P = 0.004), valeric acid (0.006 vs. 0.012; SEM 0.001; P = 0.006), and isobutyric acid (0.017 vs. 0.022; SEM 0.002; P = 0.046) of manure compared with pigs offered the unsupplemented diets.
Manure Ammonia and Odor Emissions
Manure ammonia and odor emission data are shown in Table 5 . Pigs offered oat-based diets had decreased Fermentation of β-glucans and ammonia emissions manure odor emissions (2179.6 vs. 4984.6 Ou E /m 3 ; SEM 653.7; P = 0.011) at 72 h compared with pigs offered barley-based diets. There was an interaction between cereal type and enzyme inclusion on manure ammonia emissions from 0 to 96 h (P = 0.039) and from 0 to 240 h (P = 0.050). Pigs offered barley-based diets containing an enzyme supplement had increased manure ammonia emissions compared with those offered unsupplemented barley-based diets. However, there was no effect of enzyme inclusion on pigs offered oat-based diets. Pigs offered barley-based diets had increased manure ammonia emissions from 96 to 240 h (50.57 vs. 40.62 mg/g of N intake; SEM 2.771; P = 0.028) compared with pigs offered oat-based diets.
DISCUSSION
The main objective of the current study was to evaluate the influence of β-glucans originating from 2 dietary cereal sources, oats and barley, in beneficially influencing manure odor and ammonia emissions. It was hypothesized that β-glucans contained in oat-based diets might present a more appropriate substrate for microbial populations in the cecum and colon compared with barley-based diets. The inclusion of an enzyme composite containing β-glucanase and β-xylanase might negate any noted improvement in intestinal fermentation and environmental variables, thus verifying the role of the various cereal sources of β-glucans in this respect.
In the current study, offering oat-based diets depressed nutrient digestibility compared with offering barley-based diets. Because of the typically greater concentrations of β-glucans present in native barley compared with oats (Bach Knudsen, 1997), the oat-based diets contained reduced concentrations of β-glucans compared with barley and therefore are unlikely to have been the causative component affecting digestibility. The suppression of nutrient digestibility may reflect the greater concentrations of generally indigestible cellulose and lignin fractions present in oat grains compared with barley.
Provision of a β-glucanase and β-xylanase enzyme composite increased manure ammonia emissions from pigs offered the barley-based diet, as has been reported previously (O'Connell et al., 2005; Garry et al., 2007) ; however, the enzyme supplement did not affect pigs offered the oat-based diet. This suggests that β-glucans are not the principal fermentable constituent of oat grains moderating ammonia emissions. For example, dietary cellulose has been demonstrated to influence manure ammonia emissions beneficially (Sutton et al., 1999) . Therefore, further studies investigating the effect of oat β-glucans may benefit from including a cellulase agent in the enzyme composite to isolate and identify the action exerted by the β-glucan component in the gut and subsequent manure ammonia formation.
In the colon, a cereal type-dependent response of the resident microbial composition was observed in the current study. Pigs offered oat-based diets harbored increased populations of Bifidobacterium spp. and Lactobacillus spp. in the proximal colon compared with those offered barley-based diets, indicating that dietary oats provided a more suitable substrate for these bacterial genera. Previous studies have demonstrated the ready utilization of oat-derived β-glucans as a substrate by several Lactobacillus spp. Pieper et al., 2008) and Bifidobacterium spp. (Jaskari et al., 1998) . Barley-derived β-glucans contain an elevated proportion of β(1,3) to (1,4) linkages compared with oat grains (Johansson et al., 2008) . This contributes to increased viscosity (Johansson et al., 2004 (Johansson et al., , 2008 , but also heightens the propensity of barley β-glucans to be utilized more proximally in the gastrointestinal tract by saccharolytic populations (Graham et al., 1989; Bach Knudsen et al., 1993a) . Throughout the colon, carbohydrate availability progressively diminishes and fermentation may become increasingly proteolytic (Bach Knudsen et al., 1993b) . The current study suggests that dietary oats delivered a suitable substrate to prolong the proliferation of more typically saccharolytic microbial populations in the colon.
In the current study, pigs offered oat-based diets exhibited a 56% reduction in manure odor emissions compared with those offered dietary barley. Previous research from our laboratory suggests that increasing predominantly saccharolytic bacterial species such as Bifidobacterium and Lactobacillus spp. in the cecum and colon may suppress the formation of odorous metabolites of protein degradation (O'Connell et al., 2005; O'Shea et al., 2009 ). The reduction in valeric acid concentrations in the proximal colon of pigs offered oat-based diets supports this theory. Valeric acid is a metabolite generated from polypeptide deamination (Rasmussen et al., 1988) and possesses a low odor detection threshold (Le et al., 2005) , thereby presenting an appropriate biomarker for odor development. The reduction in valeric acid concentrations may reflect the increase in prominence of Bifidobacterium spp. and Lactobacillus spp. observed with oat-based diets. Utilizing β-glucans as a substrate, such predominantly saccharolytic species may sequester greater proportions of available N for bacterial protein synthesis (Gibson et al., 1995) , thus possibly reducing the potential for degradation to proteinaceous metabolites.
Interestingly, oat-based diets resulted in considerably smaller concentrations of total VFA in the cecum and proximal colon. Several authors have described the role of VFA generally in contributing to odor formation (Mackie et al., 1998; Lynch et al., 2008) . This reduction in total VFA concentrations may reflect the slower rate of fermentation of various oat cell-wall constituents such as cellulose (Bindelle et al., 2007) , as indicated by the increase in feces output and DM output of pigs offered dietary oats. It is conceivable that in addition to the variation in fine structure between the various cereal sources of β-glucan, the complex within which β-glucans are ensconced in the divergent grains and thus presented are relevant in functionally manipulating the composition of the large intestine. Indeed, in the current study the oat-based diets returned a less insoluble proportion of β-glucan compared with the barley-based diets, suggesting solubility may only be 1 determining factor. Several authors have described interactions between β-glucans and adjacent cell-wall components (Iiyama et al., 1994; Izydorczyk and MacGregor, 2000) , and the relevance of these various complexes may merit consideration in regard to further investigative studies. In the current experiment, the noted decrease in odor concentrations may reflect the general reduction of total VFA in the cecum and colon and the reduced production of particularly odorous metabolites, such as valeric acid, established in the colon.
Dietary supplementation of an enzyme composite had a minimal impact on the bacterial populations or VFA concentrations in the cecum and colon. The mode of action exerted by enzyme inclusion is likely to be manifested more proximally along the gastrointestinal tract (Bedford, 2000) . In the current study, this may be evident by the improvement in N digestibility and increase in the urine:feces N excretion ratio because the greater proportion of dietary AA are absorbed prececally (Knabe et al., 1989) . The dietary supplementation of enzyme preparations may therefore be limited in elucidating the action exerted by dietary β-glucans in the large intestine on subsequent manure odor emissions. Enzyme inclusion tended to decrease metabolites of protein degradation, such as valeric acid and isobutyric acid (Mackie et al., 1998; Le et al., 2005) , in manure at 240 h, and this may reflect the noted decrease in fecal N excretion in the current study. However, this decrease in odorous metabolites from the manure of pigs offered dietary enzymes prompted only a numerical reduction in manure odor emissions from pigs offered diets containing an enzyme supplement.
In conclusion, the current study demonstrates that offering oat-based diets increased populations of Bifidobacterium spp. and Lactobacillus spp. and decreased concentrations of valeric acid in the colon. Oat-based diets also suppressed the formation of manure odor emissions from finisher boars compared with barleybased diets and may reflect the beneficial shift in the enteric microbial composition. Provision of an enzyme supplement to the barley-based diet increased manure ammonia; however, enzyme inclusion did not affect ammonia emissions from the oat-based diet, suggesting that in oat-based diets, β-glucans are not the principal fermentable component moderating ammonia formation.
